Background: It has not been fully elucidated whether antihypertensive medication adherence affects blood pressure (BP) control in hypertension cases. Aim: To investigate the association of adherence to antihypertensive drug regimens and BP control using data from the Combination Pill of Losartan Potassium and Hydrochlorothiazide for Improvement of Medication Compliance Trial (COMFORT) study. Design: An observational analysis from a randomized controlled trial. Methods: A total of 203 hypertensive subjects were randomly assigned to a daily regimen of a combination pill (losartan 50 mg/hydrochlorothiazide 12.5 mg) or two pills, an angiotensin II receptor blocker and a thiazide diuretic. Medication adherence calculated based on pill counts and BPs was evaluated at 1, 3 and 6 months after randomization.
Introduction
Many clinical trials have indicated that strict control of blood pressure (BP) using antihypertensive drugs is important to prevent cardiovascular disease in patients with hypertension. 1 Thus, the guidelines for managing hypertension have recommended lower BP levels as targets. [2] [3] [4] BP control has been improving in the past decades; however, it has been shown that a large portion of hypertensive subjects have still failed to achieve adequate BP levels. [5] [6] [7] [8] Control of BP depends on many factors, such as age, clinical features and doses or classes of antihypertensive drugs used for treatment. [9] [10] [11] Medication adherence has also been considered one of the important factors involved in the control of BP, 11 although it has not been fully investigated, especially in Japan. Moreover, it has been shown that high adherence to antihypertensive medications was associated with a decreased risk of acute cardiovascular events, 12 which might be attributable to the extended reduction of BP; however, changes in BP were not investigated in that study.
The Combination Pill of Losartan Potassium and Hydrochlorothiazide for Improvement of Medication Adherence Trial (COMFORT) was an investigator-oriented, multicenter, open, randomized controlled trial carried out in 29 hospitals and clinics in Japan. 13 The COMFORT study was originally designed to investigate whether antihypertensive treatment with a single pill combining antihypertensive drugs would improve medication adherence and BP control. The main results have been reported previously. 13 Based on the previous findings, the hypothesis of this study was that good medication adherence would achieve lower BP levels, independent of whether the patients took the combination pill or combined treatment with two antihypertensive drugs. Here, we investigated the impact of medication adherence on BP control using data from the COMFORT study.
Methods Participants
The detailed protocol of the COMFORT study and its main results have been described previously. 13 Briefly, 207 patients with hypertension (520 years old) who tolerated the combination therapy of a standard dose of an angiotensin II receptor blocker (ARB; losartan 50 mg, candesartan 8 mg, valsartan 80 mg, telmisartan 40 mg or olmesartan 20 mg) and a small dose of a diuretic (thiazides or related sulphonamide compounds; hydrochlorothiazide 6.25-12.5 mg, trichlormethiazide 0.5-1 mg or indapamide 0.5-1 mg) were randomly assigned to the combination pill group or the control group. Patients assigned to the former received a combination pill (losartan 50 mg/hydrochlorothiazide 12.5 mg), and those assigned to the latter received an ARB and a diuretic.
After excluding four patients who lacked values for their adherence rate, a total of 203 patients were included in this analysis. The study protocol was approved by the Ethics Committee for Human Studies at Kyushu University and/or by the appropriate ethics committee at each participating site, and the procedures followed were in accordance with the International Conference on Harmonization of Good Clinical Practice guidelines. Written informed consent was obtained from all patients prior to registration.
Procedures
Participants were seen at 1, 3 and 6 months after randomization. At each visit, medication adherence was evaluated by counting the number of residual pills that the patients had failed to take. Adherence rates were calculated for each visit using the following formula: adherence rate (%) = [(number of prescribed pills À number of residual pills)/number of prescribed pills] Â 100. According to the worst medication adherence in the treatment periods of 0-1, 1-3 or 3-6 months, the subjects were divided into three groups, namely, relatively low-adherence (<90%), moderate-adherence (90-99%) and highadherence (100%) groups. At each visit, BPs were also measured twice in a sitting position using a standard sphygmomanometer after resting for at least 5 min. The mean of the two measurements at each visit was used in this analysis.
Statistical analysis
Baseline characteristics among the groups were analyzed with analysis of variance (ANOVA) for continuous variables or with the chi-square test for categorical variables. The effects of adherence on follow-up BP were assessed by a linear mixed model using follow-up BP as the repeated measures, and including age, sex, baseline BP, use of calcium channel blockers and randomized treatment as covariates. P < 0.05 was considered statistically significant. These analyses were performed using the SAS system for Windows (release 9.2, SAS Institute). Table 1 summarizes the baseline characteristics of the three groups of patients divided by adherence rate. No significant difference was found among the three groups for any variable except for age (P = 0.01) and antihypertensive therapy using calcium channel blocker (P = 0.0003). Table 2 shows the achieved follow-up BPs that were adjusted for age, sex, baseline BP, use of calcium channel blocker and randomized treatment. Mean systolic BP (SBP) and diastolic BP (DBP) over the 6-month period were significantly higher in the relatively low-adherence group (<90%; 135.2/78.3 mmHg) compared with the highadherence (100%; 130.0/74.4 mmHg; P = 0.02/ 0.02) and the moderate-adherence (128.3/ 74.4 mmHg; P = 0.003/0.02) groups.
Results

Discussion
In this study, we have prospectively investigated the effect of medication adherence on BP control in After excluding four patients with missing value on adherence, 203 were included. Adherence rate = worst in periods of 0-1, 1-3 or 3-6 months. Data are mean (SD), median (IQR) or n (%). P values were estimated using ANOVA or chi-square test. a Myocardial infarction or coronary revascularization.
Japanese hypertensive subjects using the data of COMFORT study. The principal findings of this study were that BP control was dependent on medication adherence, even though medication adherence for antihypertensive drugs was quite excellent in this group of Japanese hypertensive subjects. To the best of our knowledge, this study is the first to demonstrate prospectively the impact of medication adherence on BP control in hypertensive subjects in Japan.
Hypertension is still one of the important risk factors for cardiovascular disease 14 ; therefore, guidelines for the treatment of hypertension require adequate reduction of BP. [2] [3] [4] Control of BP has been improving in the past decades, but many cases of hypertension remain insufficiently controlled for BP, even in the USA and Japan. [6] [7] [8] In Japan, adequate control of office BP (<140/ 90 mmHg) was achieved in only 42% of patients <50 years old. 5 In the USA, the National Health and Nutrition Examination Survey 2009-10 demonstrated that only 47% of all hypertensive people and 60% of treated hypertensive people had BP controlled to the level of <140/90 mmHg. 7 To achieve adequate control of BP, combination therapy and strategies to maintain good medication adherence are proposed to be important issues, especially in the treatment of resistant hypertension.
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In this study, subjects with a relatively low-adherence rate (<90%) showed significantly higher BP compared with those with a perfect adherence rate (100%) over a 6-month treatment period. It had been controversial whether medication adherence is associated with BP control. 15 One of the reasons why this relationship has not been clearly established is the difficulty of evaluating medication adherence. The methods to evaluate medication adherence are generally classified into three categories: subjective (e.g. patient interview), direct (e.g. measurement of drug concentrations in the blood) and indirect (e.g. pill counts, prescription refills, electronic monitoring of medication use). 16 Based on this study's results, the pill-count method appears to have worked appropriately.
Mazzaglia et al. 12 have demonstrated that a highadherence rate to antihypertensive treatment was associated with a reduction in cardiovascular events among newly diagnosed hypertensive patients. They did not provide BP data during the treatment; however, it is likely that a reduction of cardiovascular events was mediated, at least in part, by a larger reduction in BP associated with appropriate use of antihypertensive drugs. In this study, mean SBP and DBP over 6 months were significantly higher in the relatively low-adherence group compared with the high-adherence group. Based on the previous and present findings, it could be suggested that patient adherence to antihypertensive drug regimens is important for preventing future cardiovascular events as well as to obtaining better control of BP in hypertension.
This study was limited by the fact that numbers of the subjects included and the follow-up period of 6 months might not have been enough. In addition, the medication adherence rates were unexpectedly high. The precise reason for these high adherence rates is not obvious. However, the medical insurance system in Japan may have been a factor. Since all Japanese people are covered by public medical insurance systems by more than 70%, the out-of-pocket medical expense for drugs is relatively inexpensive in Japan compared with other countries. Another possible reason for the highadherence rate is the selection bias of the patients participating in this study, because all patients were screened for run-in periods. Patients with lowadherence rates might have been excluded. Therefore, it seems difficult to apply the findings of this study to general Japanese hypertensive patients. Many participants were not newly diagnosed hypertensive patients, but rather had been treated with antihypertensive drugs for several years. 17 Furthermore, it has been demonstrated that merely participating in a clinical trial significantly increases adherence. 18 Even considering these limitations, however, the present findings are largely new, because this is the first study to prospectively examine the impact of medication adherence on BP control in Japan. Further studies with more subjects and longer observational periods will be needed to establish evidence of a relationship among medication adherence, BP and cardiovascular events.
In conclusion, this study has evaluated the impact of adherence to an antihypertensive drug regimen on BP control over a 6-month period. Reduction of BP was found to be dependent on the medication adherence rate, despite the overall high-adherence rates of the subject groups. It will be important for physicians to develop strategies to improve medication adherence such as patient education, cost reduction of drugs, good communication, etc., for further reduction of cardiovascular events among hypertensive patients. 19 
